When malabsorption develops during the course of Whipple's intestinal lipodystrophy, it is often accompanied by hypoalbuminemia. Among 53 case reports published between 1951 and 1964 for which values of the concentration of albumin in the serum were presented, there were 43 values below 3.5 g per 100 ml (Figure 1) .
When malabsorption develops during the course of Whipple's intestinal lipodystrophy, it is often accompanied by hypoalbuminemia. Among 53 case reports published between 1951 and 1964 for which values of the concentration of albumin in the serum were presented, there were 43 values below 3.5 g per 100 ml ( Figure 1) .
A decrease in the concentration of albumin in the serum may be due to dilution or to a decrease in the size of the body's total exchangeable pool of albumin. A reduction in the albumin pool size may result from decreased synthesis, from increased catabolism or loss, or from both causes. To explore the factors responsible for the hypoalbuminemia of Whipple's disease, we studied the albumin metabolism of seven patients with this disorder. Albumin labeled with 131I or with 125I was used to measure the total exchangeable pool of albumin and the rates of albumin catabolism and synthesis. Albumin-51Cr was used to measure loss of albumin into the gastrointestinal tract. The patients were studied when their disease was in relapse and again when therapy had induced marked improvement. The data suggest that abnormal exudation of serum protein into the gastrointestinal tract is an important factor in causing the hypoalbuminemia of Whipple's disease, that treatment t Present address: King County Hospital, Seattle, Wash. § Present address: Division of Gastroenterology, Uni- versity of Colorado Medical Center, Denver, Colo.
bumin synthesis may be associated with the exudative enteropathy.
Methods
Clinical. Six of the seven patients were first seen at the Clinical Center of the National Institutes of Health when their Whipple's disease was in mild to severe relapse. E.W. was in remission when first seen and remained off therapy for 3 years, when her disease again relapsed. In each patient the diagnosis of Whipple's disease in relapse was established by the demonstration in the lamina propria of the small intestinal mucosa of characteristic macrophages containing material that reacted with the periodic acid-Schiff stain. Electron microscopy revealed bacillary bodies (2) that disappeared from the intestinal mucosa soon after the onset of remission. Tests of intestinal absorptive functions gave abnormal results (Table I) Tables II and III because the latter were determined during the study periods pertinent to those Tables.
The subjects for the control studies of the metabolism of albumin labeled with 'I or with 1'5I were normal volunteers ranging in age from 21 to 55 years; the subjects for the control studies of albumin-'Cr metabolism included normal volunteers and patients with diseases not affecting the gastrointestinal tract. Each subject for a control study had a normal concentration of albumin in the serum.
The concentration of albumin in serum was determined by a modification of the method of Rutstein and co-workers (3) . The partition of serum proteins was measured by paper electrophoresis, and the concentration of total protein was determined by a biuret method (4) .
Determination of gastrointestinal tract permeability to albumin (5 The concentration of albumin in the serum was determined three to four times during a study, and the mean value was used for the calculations. There was no significant change in the concentration of albumin in the serum during any of the studies.
The data were analyzed, with slight modifications, according to the method of Berson, Yalow, Schreiber, and Post (7) . Values were determined for total circulating albumin, total exchangeable albumin pool, albumin turnover, and the fraction of circulating albumin degraded per day. This fraction represents all the albumin degraded in the body including that lost into the lumen of the gastrointestinal tract and catabolized there. Because of the relative constancy of the concentration of albumin in the serum during each study, the patients were regarded as being in a steady state, and the value for albumin turnover was considered equal to the value for the rate of albumin synthesis. Detailed descriptions of the calculations have been presented previously (8) . Results Whipple's disease in relapse. At some time during relapse each patient was tested for fecal excretion of radioactivity after intravenous injection of albumin-65Cr. The results are presented in Table  II together with values for the concentration of albumin in the serum at the time of study. For each of the patients but S.J. the albumin concentration was less than 2.5 g per 100 ml during relapse. In each patient there was an abnormally high fecal excretion of 51Cr, indicating that excessive loss of protein into the gastrointestinal tract, or proteinlosing gastroenteropathy, was a consistent finding in these patients when their disease was in relapse.
The turnover of intravenously injected albumin labeled with 13'I or 125I was studied in four of the seven patients when their disease was in relapse (Table III) . Each patient's hypoalbuminemia was associated with reductions in the total circulating albumin and the total exchangeable albumin pool. These findings exclude the possibilities that the hypoalbuminemia was attributable to increased plasma volume or to abnormal distribution of albumin among body compartments. The per cent of the intravascular albumin catabolized per day by each of the four patients exceeded the upper limit of the control range, and in the three instances where it was determined, the fecal excretion of labeled iodine was greater than normal. These observations indicate that there was excessive loss of albumin into the gastrointestinal tract and thus confirm the results of the studies with albumin-51Cr. The estimates of the rate of albumin turnover (synthesis) were within the control range for J.S. and A.W. even when their disease was in relapse, whereas E.L.'s synthetic rate was slightly below the lower limit of the control range, and E.W.'s was definitely below the lower limit when these patients were in relapse. Because the concentration of albumin in the serum of E.L. may have been declining during the study period, the true rate of albumin synthesis may have been even lower than the estimated value presented in Table  III .
Response to treatment. Each patient improved after treatment with either antibiotics and corticosteroids or with antibiotics alone. Improvement was manifested by return of a feeling of well-being, weight gain, subsidence of diarrhea and malabsorption, disappearance of bacillary bodies from the intestinal mucosa, and decrease in the number of concentration of albumin in the patient's serum. periodic acid-Schiff-positive macrophages in the The time course of the reversal of the hypoalbulamina propria of the intestinal mucosa. With the minemia of two representative patients is shown onset of each remission there was a rise in the in Figure 2 . (Figure 2 ), but his exudative enteropathy was reversed, and by the sixty-fifth day of treatment the result of his albumin-51Cr test fell within the control range. Repeat studies of albumin-"3'I metabolism were carried out on J.S. and A.W. when they were in remission (Table III) . J.S. was studied 73 days after the start of therapy. The concentration of albumin in his serum had increased to 3.2 g per 100 ml, his total circulating albumin had increased almost to normal, and his total exchangeable albumin pool was within the control range. The mechanism of this improvement is indicated by MARCHA the decrease in the rate of albumin catabolism from an abnormally high value to a normal one ( Figure  3 ) and by the fall in the per cent of 131I excreted in the feces to a normal value (Table III) . The rate of albumin synthesis remained within the control range. Similar results were obtained when A.W. was studied 125 days after the onset of therapy. Thus, these determinations of albumin-13"I turnover, like the investigations of fecal excretion Representative data for two patients, one treated with antibiotics and adrenocorticosteroids (F.R.) and the other with antibiotics only (A.W.) PO = orally.
The albumin-51Cr test was repeated serially, and in each patient the rate of fecal loss of 51Cr returned to or toward normal (Table II) . The rapidity of the reversal of the exudative enteropathy is illustrated by the case of E.L., whose values for the albumin-51Cr test went from the abnormally high 5.2% before treatment to 0.2% (within the control range) by the sixteenth day of therapy. R.T., who lost 22% of injected albumin-51Cr be- (Table II) and impairment of thesis (Table III) . Early in 1965 t tion of albumin in his serum rose to ml, and it has remained at that le ever since. This change may have cessation of prolonged treatment witl this speculation is the only explanatic for the recurrence and persistence r, /962 malities of albumin metabolism after the Whipple's disease had been brought into apparent remission. E.L. experienced two episodes of acute exudative enteropathy after the onset of the remission of his disease. In May 1962, when the concentration of albumin in his serum was 3.6 g per 100 ml, ---we started a repeat study of the turnover of iodinated albumin, and within several hours he developed shock, oliguria, fever, massive diarrhea, 5 10 is and prostration, and the serum albumin concentration fell to 2.0 g per 100 ml. He was treated for IINISTRATION the various diagnostic possibilities we considered, the study of albumin metabolism was discontinued, WIN CATABOLISM IBUTED TO REAC-and he recovered fairly rapidly. Two months later a study of iodinated albumin metabolism was attempted again, and a similar but milder reaction mxudative gas-took place. In each instance the preparation of labeled albumin had been given to other subjects i. Once re-without producing untoward reactions. Although )atients were, sensitivity to human serum albumin could not be able consist-excluded, we regarded this as unlikely and conilbumin in the cluded rather that he had probably reacted to the As mentioned iodide in the Lugol's solution, which had been had first been administered orally with the iodinated albumin. discontinued, Whether the medication had affected the gut inncentration of dependently or whether it had reactivated the During that Whipple's disease could not be determined. Simi-)oth excessive lar changes in albumin metabolism were noted )aired synthe-during each reaction (Figure 4 ). There was a ). With her marked rise in the rate of catabolism of albumin to 5, the concen-pathological levels, due presumably to sudden exrose again to cessive loss of albumin into the gastrointestinal tract. As the reactions subsided, the rate of albunt was favor-min catabolism fell to normal. We suggest that in his serum this Hypoalbuminemia is a relatively common feaalbumin syn-ture of Whipple's disease in relapse. Each of the the concentra-seven patients in the present investigation ex-3.5 g per 100 hibited this abnormality when his disease was acvel or higher tive. The results of the albumin-51Cr tests and of accompanied the studies of the turnover of iodinated albumin h tetracycline; indicated that in each patient excessive loss of sern we can give rum protein into the gastrointestinal tract was a of the abnor-significant factor in the pathogenesis of the hypo-642 0 albuminemia. The rates at which four of the patients were synthesizing albumin when their disease was in obvious clinical relapse were determined (Table III) . The synthetic rate was within the control range for J.S. and A.W., slightly suppressed for E.L., and significantly depressed for E.W. Patients with exudative enteropathy due to other causes have been shown to be capable of increasing the rate of albumin synthesis above the control range as a compensatory response to the stimulus of the hypoalbuminemia (9, 10) . Therefore, even though the synthetic rates for J.S. and A.W. were within the control range, these findings indicate that they each had a relative impairment of the regulatory mechanism for albumin synthesis. Thus, a second factor in the hypoalbuminemia of Whipple's disease is absolute and relative impairment of albumin synthesis. The cause of this impairment could not be elucidated. No evidence of liver or renal dysfunction was obtained. Amino acid absorption was assessed by means of the a-aminoisobutyric acid absorption test (11) . The results indicated impaired absorption when E.L. was in relapse and a return to normal when he was in remission. However, when E.W. was in relapse and her albumin synthetic rate well below the control range, the result of her absorption test fell within control limits.
The exudative enteropathy of Whipple's disease responds quite rapidly to the therapeutic induction of a remission. The concentration of albumin in the serum of each patient rose rapidly toward normal after the initiation of appropriate treatment and was accompanied by a return of the results of the albumin-51Cr test to or toward normal values. The inadvertent precipitation in E.L. of what we interpret in retrospect to have been exudative gastroenteropathy secondary to reactions to Lugol's solution indicates that abnormal loss of protein into the gut can be induced and can stop with extreme rapidity, and suggests the possibility that reactions to other drugs may produce the same consequences. We could not determine from our observations whether E.L. would have developed the apparent drug sensitivity and experienced the acute pathological increase in gastrointestinal protein loss if he had not had Whipple's disease as a possible predisposing factor. Other instances of drug-induced exudative gastroenteropathy should be sought and attention given to the problem of whether underlying disease of the gastrointestinal tract is a prerequisite condition.
In considerations of the pathophysiology of exudative gastroenteropathy it has been suggested that one of the possible causes is a disorder of the gastrointestinal lymphatics that leads to abnormal losses of lymph into the lumen of the gut. Dilated lymphatics in the mucosa of the small intestine have been demonstrated in patients with intestinal lymphangiectasia (9, 10, 12) and with constrictive pericarditis (13, 14) . Patients with these disorders and exudative gastroenteropathy have abnormally low numbers of circulating lymphocytes in the peripheral blood, an abnormality that has been attributed to the fact that lymph is rich not only in serum proteins but also in lymphocytes (15) . Patients with exudative gastroenteropathy not associated with disorders of the intestinal lymphatics do not have lymphopenia. Abnormalities of the lymphatics of the small intestine are a major feature of Whipple's disease, and the peripheral lymph nodes are often involved in the disease. In the present series of patients two showed marked and one showed mild dilatation of the lymphatics of the intestinal mucosa. There was an absolute lymphopenia in six of the seven patients (Table I ) when they were in relapse, and with the onset of remission each of the seven patients showed a rise in the lymphocyte count to almost twice pretreatment levels. These findings suggest that the lymphatic abnormalities of Whipple's disease may be involved in the pathogenesis of the exudative gastroenteropathy. It must be noted, however, that when the exudative gastroenteropathy of the two patients in the present study with markedly dilated mucosal lymphatics had subsided, there was either no change or an apparent increase in the dilatation of the mucosal lymphatics. Ulcerations of the gastrointestinal mucosa, which might possibly explain abnormal protein loss, are not a prominent feature of Whipple's disease. The other abnormalities that were seen in the intestinal mucosa of the patients in the present study such as the alterations of the lining epithelial cells may contribute to the abnormal protein loss. It is our impression, however, that the primary factor in the excessive protein loss is related to the disorder of the intestinal lymphatics. 6%43 Summary Hypoalbuminemia is common in patients with Whipple's disease in relapse. Seven patients with this disorder were studied for gastrointestinal protein loss by the use of albumin-51Cr. The results show that exudative gastroenteropathy is a significant factor in causing the hypoalbuminemia.
In four of the patients the turnover of iodinated human serum albumin was determined; the results indicate that impaired synthesis of albumin, absolute or relative, also contributes to the hypoalbuminemia.
After induction of remissions of the Whipple's disease with appropriate therapy the exudative gastroenteropathy was rapidly reversed.
On two different occasions one of the patients in remission developed acute excessive gastrointestinal protein loss due apparently to reactions to the administration of Lugol's solution. The possibility that other drugs may induce exudative gastroenteropathy should be considered.
